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OINAPHTAZEPIWIUM SALTS iKrc.n „ 

USEFUL AS ENANTIOSELECTII/E E POX,0 AT ,„„ CATALYSTS 

Application, F.bbcahon Numb „ JS^T" " " < " ,Kn,a,i °"" *™ 
"^losy in asv mmeoic ™ " m >- " »• «ll established 

'° """"""on ™tion tadf. This vcrlaJi v 7 

"ucleophiks which can be used to Z ? ' '° "* ^ Md 

compounds aoeh as ^^^ ^7°^^ 
1 3 I" addition ,„ o,„„„ ' ' ™ d P"™**nticak. 

(Tetrahedron Loners, Vol 34, „o.45 pp72 " 7 T, ^ ThK H ™*«' « * 

oxaztridinium sal, (ls . 2R> , R '™' '''™ 4> have *™nao a ,ed ,h„ ft. 
'•"•^"tiyroisoqninoh^ 

-Wide ,0 tine c« lpM&| snlpt, ~ P "* 

«"» f '°"> • catalytic an,ou„, of J" i °™" di " ium »*« « prepared 

" Acad Sci., Paris, 199 , J^^J 1 ™ d — a, ^ 

•».crm.dia,es. ™ey may theretoreT " d k"' ' i0 " TO " S 
«*"».« as .here is no re quire " Jl " ^ ' ™* of aikene 

-ipien, radicals 'a ^ ^ « "* — * 

tieialysts are st . reospeci(ic „ ^J^**"?- * .tie oxaairidi„ ium 

s,ktws «■« — =p»ide S , t„~ :: s r enes s,ve ds epMid « - ««. 

°«.a.ridi„ ilm , oawjrw have „„, prov d "„ ! * ese «■»«»««. Uro 

'"dustrial .scale P Mldatl °" Wems for use „„ an 

11 "as now been discovered lha, a »„ , 

Kenes - r *ie catalytic 
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paction employed is single and robust enabling the use of readily available and 

cheap reagents as well as environmentally safe solvents. 

Accordingly, in a first aspect, the i 
formula (la) or (lb): 



■ invention provides a compound of 




■N*-R' 




x- 



da) (Ib 

10 ntht,^ indePCndemly rePreSCntS ^ 0r «• - or three 

naphthyhdene Sub « ■ which substituents are selected from C] 6 aJkyl C] < 
alkoxy, aryl, aryloxy, silyl and silyloxy; 6 * 1-6 

Represents phenyl, C,. 6 alkyl, phenyl C M alkyl or a moiety of formula (a): 



15 



20 



25 



— (CH 2 ) n CH 



CH 2 R 3 

' SC '- 6 alk >"» C l-6 1kylsilyl»dni S zeroor,„i„ leser ,or2; 
X is a counter ion. 

Suitably, A represents hydrogen. 
Suitably, B represents hydrogen. 

groups EXamPleS ^ Rl Whe " h rePreSemS Cl ' 6 3lkyl ^ meth ^ and «M 
An example of Rj is benzyl. 
Suitably, R2 represents C U6 alkyl. 
Suitably, R3 represents Ci_ 6 alkyl. 
Preferably, Rl represents Cj.g alkyl, 

Values for the counter ion X" include BF4-, Q-, Br, I; Q0 4 - and PF 6 " 
Purred value for the counter ion X' is BF4-. ' 
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A suitable aryl group is a phenyl group. 

As used herein, alkyl groups, whether present alone or as pan of other 
groups such as alkoxy or aralkyl groups, are alkyl groups having straight or 
branched carbon chains, containing 1 to 6 carbon atoms, e.g. methyl ethyl 
n-propyl. iso-propyl. n-butyl, isobutyl or ten-butyl groups. 

The compounds of formula (la) and (lb) may be prepared by reacting as 
appropriate, a compound of formula (Ha) or (lib): 





h a (1Ia) aib) 

wherem A and B are as defined in relation to formula (I), with an alkylating agent 
of formula (III): fife 1 



15 



20 



25 



Rl-Ll 



(III) 



wherein Rl is as defined in relation ,o formula (I) and O is a leaving group or 
atom; and thereafter salting the compound produced with a source of counter ion 

Ll usually represents halide, such as bromide or iod.de, tosyl. or mesyl 
The reaction between the compounds of formulae (II) and (01) may be 
earned out with or without a solvent; when using a solvent it is suitably an 
orgamc solvent, generally an inen organic solvent such as methylene dichloride 
at a low to elevated temperature such as a temperature in the range of from 0 to ' 
100 C, conveniently at ambient temperature; preferably the reaction is carried out 
under anhydrous conditions; preferably the reaction is carried out in an inert 
atmosphere, for example under nitrogen. 

The salting reaction with the source of counter ion X' may be carried ou, 
using any conventional procedure but is usually effected in the solvent used in the 
reaction, at ambient temperature. 
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^source of counter ion v- 



10 




25 



whe reinAandBareasd e r „ 8 

Pen^nganate as! ? rC,ati ° n * f °™ u,a 0) suitah, • ( ' V) 

«* me,^ discing , 8 eo "«mio„ a | reso , u ,,„ racemic 
™e compounds nf f '"encan 
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N-(&y R -CH 



CH,-R 3 




N -(CH ? )„-CH 



10 



15 



(Va) 



(Vb) 



20 



source of coumer i rt n v- 

erea ter salting the compound produced with a 

—»* a. amnion, o, an eiav^ e l ' " * ^ S °' Vem Sucl " « 
.c-P«r„urc of rh, so.ven, Pm "' re ' C ° nVCTiem * « - 

The sailing rcacdon wilh ihe source of counre, i™ v- 

eychsadon reaction, „ * f ^ "" he "•«« used fa Uae 

be any convendona! source such Z^Z """"" *>" *' ™* 

X- is BF 4 - a suilab ,e »orce fan 17'?,™" meU ' ** ** — * — 

The compounds of formula (Va) and ( vm m i. 
■ppropriare, a conrponnd of fomaj ( vC Z> " ^ 



as 
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10 



15 



H 2 N-(CH 2 ) n -CH 



X CH 2 -R 3 



(VII) 



wherein R2 R 3 and n are as defined ^ ^ ^ 

The reaction between the compound of formula (Via) or rviM a , 
compound of formula rvm ™, u • ; (VIb) and ,he 

for e^ ple fc meIhods ^ ~ " d »£» ™» -Pounds. 
1989, 77 * 0r S anic Synthesis, Vol. 68, 

acco - ^ e C °7° UndS ° f f0rmUla (Vl3) and (VIb) m ^ be P^ared in 
accordance with methods illustrated below: 




Step l 



MgBr 




Step 2 




~N^Step 4 
fVa) or (Vb) 
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wherein A and B are as defined in relation to formula (I), the conditions of 
reacuon and reagents used in for Steps 1 to 4 being those found in the following 
references: 

Steps 1 and 2: N. Naigrot. J.P. Mazaleyrat, Synthesis, 1985, p 317. 

Step 3: H. B. Hass, M.L.Bender, Org, Syn.,Coll. Vol. 4, 1963, 932. 

Step 4: B. Bezas, L. Zervas, JACS, 1961, 83. 719. 

As stated above the compounds of formula (I) are useful catalysts in the 
asymmetric epoxidarion of alkenes. Accordingly, in a further aspect the 
invention provides a process for enantioselectively epoxidising a prochiral olefin 
such as 1-phenylcyclohexene, 1-methylcyclohexene, trans-stilbene and 
methylstilbene, which process comprises reacting the prochiral olefin with a 
nucleophtlic oxidising agent in the presence of a catalyst, characterised in that the 
catalyst is a compound of formula (la) or (lb): 



15 



20 





, . (l3) db) 

wherein A and B each independently represents hydrogen or one, two or three 
naphthyhdenc substituents, which subsrituents are selected from C,. 6 alkyl Ci fi 
alkoxy, aryl, aryloxy, sily] and silyloxy; 

R 1 represents phenyl, C] . 6 alkyl, phenyl C,. 6 alkyl or a moiety of formula (a): 



25 



— (CH 2 ) n CH 



\ 



CH 2 R- 



wherein R2 represents C U6 alkyl, phenyl or benzyl; 

R3 represents H or OR* wherein R 4 is C,. 6 alky, or C,. 6 alkylsiiyl and n is 
zero or an integer 1 or 2; and 
X is a counter ion. 
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One suitable nucleophilic oxidising agen, is provided by a mixture of 
oxone (KHSO5) and NaHC0 3 . > a mixture of 

The epoxidarion reaction m ay be carried out using any suitable 
procedure wherein the prochiral olefin, the nucleophilic oxidising agent and the 

The reaction is carried ou, in an organic solvent such as acetonitrile 
mixture such as aqueous acetonitrile. solvent/water 

Aqueous acetonitnle is a particularly apt reaction solvent when 
oxone/NaHC0 3 is the nucleophilic oxidising agent 

Suitably the molar ratio of the compound of formula (la) or (lb) to rhe 
The f.»»n g p repara , ion and cxamples i|IuOTare ^ ^ .^.^ 
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iminiumSaH Catalysts 
General Preparation Procedure- 

» desired Mlt e „ 9 (ato^^T.Tt"*' 1 < "" » *™ d,e 

4.05 (3H. ,. CH 3 ) 4 6 0 M m, L '" 6 H «*> MHz: 

12 5Hz. ArCHH,. 7.0.825 ,, 2 „ m V <•» d H. d. J 

MHz; CDa 3 , 48.76, 58 .8 5 29 7 2 6 u " * * CH - N >: °C (62 

128.68.129.54 P9 67 nn ?? I4 - ' 2 °.78. 126.9. 127.12, 127 21 1275 

» —.and ,68.3^ SS^ir 13 ' 93 - 

requires 308. 1439). ' 100% HFound 308.1448. C 23 H 18 N 

in the reaction mixtU re. TLC S^Ton Z Th" l'"™ ^ WM f °™ ed 
a-oun, of starting material left The em i ^ ° nly 3 Sma,] 

were removed trituration with echer Au"2 & CXCess of -domethane 

compound was obtained as a ydlow ^ ^ V3CUUm lhe ^sired 
50 4.25 (3 H, s, CHU 4 70 (1 H n u ( mg ' 9?%); 5 " < 250 MHz; CDC1 3 ) 

5 A soI "»on of Ag00 4 (34 3 me 0 1 7 m .x • 

«*— o f ( s,., mi », um sai , ^r ,on „ e ° m,) ' , " ! added » » 
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the desired iminium salt which was precioita.er. , 

h!gh vacuum the desired compound ZTZ I Aftcr u ^r 

5 «. Ar-H). and 9.35 (, H . s. N=CH) fir (100 MH? ^ ^ (I2 H ' 

126.59. 126.64. 127.62. 127.85 127 93 ,™ ! Wt0ne) 49 44 « 

»«. The so,id folmcd WJS fu«« d "f 0 16 ™.') i" CH 2 Q 2 ,2 

15 the desired iminium sa „ ^ " ™ was concentzared ,o give 

KH. vacuum ,he desired cotX ' 72 ^ 
» <c ..25 in acetone',; £ StSSS^ * <*J* «»• 

20 .25.95, ,26.67, iV,^^^""^ 0 **)** "UftStt 7? 

,3.2, ,,94, 3,3,^~-:^ 

25 pT * azepi „ e 

reaction mixture . ^ P a v <="°* »l,d was soon fom*d in Ihe 

C staztin. ma , er i al ^TZ^'Z ' ^ ,ha ' «* ■ — 1 -« 
30 removez, oy « ton ,,on with e,he AfteZ - '° d ° e ' ta " e 

product was obtained as a yellow „M ™ T"^""" VaCl """ Ih < d «i*d 
talD^O + 878 (c 0 4, ,„ CH r^ z ^ 9 * %) ' m ^ >300 'C (dec , 

4 ' 12.5 Hz, AzC/W, 7 00-8 60 f 12 H »' ' ' " ' 5 Hl ' ArC, ™>- 4 « '1 H 
35 (100 MHz; CD2C2) 4.30 57" 57 86 nfn'f ' '° * ° * N = C «: «C 
'".68. ,27.89, ,28.93, 129 M P9 75 Ino"'; f ™ 
132.45, ,34.23. ,35.4,, ,35.80.' 4 '9 ' „ £ If? ' 3 '' 72 ' l3 '«. 132.04. 

(M + -!27) found 322.1596. " S: ™ /jcalc - 322.1604. C24H 20 N 
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5 

A solution of Ag BF 4 (40 mg, 0.2 mmol) in acetone f 1 m n 

solution of the (R)-i mi „ ium saIt from E « m l 5 ^ " * 

(2 .1). Tne^ 

obtained by concentration of the filtrate WM m' T The r «"ltmg foam. 
10 desired product as a yellow gum C ZZ ZTlO^ * * e 

OH (250 MHz; CD 2 C1 2 ) 1 50 (3H t % " ^ " 832 & 0.87 in acetone); 
^CH^UH.^^ 

815(12H ) m,Ar-H).and913(lH s N ru\ x ^.'5 ArCA/H'), 6.9- 

57.49, 58.38, 125.46 126 33 126 M m"^* ^ CD2C1 2> ".87. 
15 128.97, 129.67, 129 -9 ] 30o 4 131 60 n ^ 12?15 ' ,27 86 ' 128 86 ' 
141.86, and 167.90 * ' 132.01. 132.40, ,34.25, 135.82. 

Example 7: W-( + ).S3-Dihydro-2//-dinaphth[2 kf v v h 
azepine Bromide h»«u^,i-c.j ,2 -eJ-N-benzyl 

20 A solution of (S)-i m ine from Preparation 1 f 50mP 0 17 

bromtde (2 ml) was left to stir at L m temper L r 'for 2 Zf ilcTl 
reacuon showed a small amount of starting materia, left F ^ C 
was removed under vacuum and the be " Zyl bromide 

the unreacted staning ma teria, and J ^ 6ther to ™ e 

25 drying under high " The de T am ° UmS ° f ^ After 

(75 mg, 95%), C^^^TTT 1 ° bta,ned " 3 yCllOW SoM 
(250 MHz; CDQ3) 4,5 (f H , d hVhTI 'J ^/h^ * 

ArCWIJ), 5.80 (, H, d, J, ,3.0 Hz PhC/S) o!n o ( * 7 13 4 Hz ' 
6-75-8.6 (,7 H, m, Ar-H), and 1 , r ^ V * ( * 7 13 0 Hz ' PhC ™'). 
'0 56.55, 65.28, 124.68, 12 86. ,£ * 27* 9 m ^ ^ CDC ' 3) 

128.97, 129.35 129 49 129 87 nn i , ' ^ 128 " 47 ' 128 65 . 128.74, 

HRMS:nVzcalc.384.,745C^H2^ 

wyn22iN (M -80) requires 384. 1752. 

- o, mm „„ The M (AgBr) fo j e ;^:: -^ BF4 w 
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Catalytic Epoxidation using Iminium Salt Catalysts 
General Procedure 

— « *c„ „. caMlysl (0 . 05 J o| 0f ™J -d oxone (0.5 

-pe„ Si o„ was ^ „ reacI „ _ 

~»» was monilored using ,„,„ ^,,^^"7 n ° 
iheendof!hereaeri n „,h.„, , . ™"jnpny (TLC). Usually towards 

25 

E«amp.e 1: Preparation of p hcnyl crMmMmUe 

TLC was used to follow the u u 1 U " der good stirTi "S- 

finished in 2 h W^T 3 mh ^Tl ^ *" ,hc ™° n was 
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P<^^?6 



mixture as eluent to give the desired compound as a colourless oil (72mg 83% 
yield, 70% e.e). *' 

The epoxidation of phenyl cyclohexene to phenyl cyclohexene oxide was then 
carried out using other catalysts of the invention. The results obtained are shown 
5 in Table 1 

Table 1 

Example Rl X Yield % ee % 

No. 



15 



20 



1 


Me 


BF4 


83 


70 


3 


Me 


CIO4 


54 


74 


4 


Me 


PF6 


48 


61 


5 


Ei 


1 


55 


78 


6 


Et 


BF4 


78 


76 


7 


Bn 


Br 


71 


74 


8 


Bn 


BF4 


78 


73 



Preparation 1: (R(-)and S(-0 5,5-Dihydro-2H-dinaphthf2,l-c:l',2'- 
10 e]azepine 

To a solution of (R). or (S)-amine (295 mg, 1 mmol) (Journal of Organic 
Chemistry, 1986, 51, 2820-2822) in THF (5ml) was added KMn0 4 (648 mg, 4 
mmol). The reaction was allowed to react ai room temperature for 5 h before the 
solid was removed by filtration. Concentration of the filtrate followed by 
purification on column using ethyl acetate : petrol (1:1) as eluant gave the desired 
compound as a syrup (234 mg, 80%). 
(S)- isomer, [ct] D 2 0+l 363.7. (c 1.19 in CH 2 C1 2 ); 
(R)- isomer, [a] D 2 «-l 363.7, (c 1.19 in CH 2 C1 2 ); 
Both isomers: 5 H (250 MHz; CDCI3) 3.95 (1 H, dd, J 2.2 Hz and 1 1 Hz, 
ArCH/H), 4.96 (1 H, d, J 11 Hz, ArCHH), 7.0-8.1 (12 H, m, Ar-H), and 8.6 (1 H, 
d, J 2.2 Hz, CH=N); 8 C (62 MHz; CDCI3) 55.90, 124.36, 125.27, 125.87, 
126.05. 126.42, 126.69, 127.16, 127.49, 128.07, 128.25, 128.44, 129.18, 130.49, 
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131.70, 132.08, 132.34 132 99 n« n„ 

»♦ .00%,. I54 n Z ^Z'T- " ,K "* <*AB> 

^^275.C 22 H I6Nreq01res29 ; i ) 2 ^ ,3<i ' M+ -' 5 ^0 U „ d 
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Claims: 



1 A compound of formula (la) or (lb): 





Nt_ R ' 



da) 

"> r , *jz2$zr~ are scteed ^ c, - s c - 

" ** C M altyl or a moiety of fomiuja (a): 



— (CH 2 ) r CH^ 

CH 2 R 3 



md 1-6 alkylorc,., alkylsily, and „ i s zero or an inKger , m ^ 

X is a counter ion. 

» LslZZl aCCOrd ' nS '° Cla ™ ' ' """"" * « M^en a„ d , 
ly, Ae ~«-*.»««-l-«« m2 .w^„ R , represemsCi6 

^ lo..",~ KMrt '" 8,1,M -"" f --'.»3,* rei „ Rlrepresc „, s 
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6. A compound according to any one of claims 1 to 5. wherein counter ion 
X is selected from the list consisting of: BF 4 -. CI", Br, 1; OQ 4 - and PF 6 : 

X- is BF A 4 . C ° mP0Und aCC ° rding t0 an >' ° ne of c,ai ™ ' to 6, wherein counter ion 



10 



15 



20 



8. A compound according to claim ] selecreH fi™ r ^^■ 

(S-M s s r«K^^ 1U * ' seiected from the list consjst ng of: 

m ^ ^ * ^ k j H u,] c<1 ' 2 -«J-N-mcthyI azepine iodide- 

(^)-(+>5 > 5-dihydro-2//-dinaDhthf2 i.ri'9'.iM » . K • 

(5H+)-5,5-dihydro-2//-dinaphth[2,l- c r 2'-el-N efhvi a ,» • • 
(^)-(-)-5 > 5-dihydro-2//.dinaphth 2 -c 2« * N Z h ^ 

(5)-( + )-5,5-dihydro.2//. dl naphth 2 , ■ 2 J,"n b f^" 6 ^^a^ 
f/ fw H , ... . ,„ J . pnin| *" 1 - 2 -^J-N-benzy) azepine bromide; and 

W-(-)-5.5-d.h y dro-2/y-dma P h,h[2,l. C :r,2'- eJ . N . ben2yl , jne 
tetrafluoroborate. 

9. A P™«S for .he preparole of ,he compounds of formula (la) and (lb) 
process compnses «acd„ g , as appropna.e, a compound of foLu,, , Z, 

A 





(Ha) 



Rl-L' 



(III) 
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wl.er.in R' is as defined ,„ rel a,ion , 0 fonwlla (l) and L , „ , 
•» ; and .he^finn salIi „ g „. compou „ d produced ^ § ^ ^ 



X 
10. 



A process for enantioselectively epoxidising a prochiral olefin which 
process comprises reacting the prochiral olefin with a nucleophilic oxidising 



10 




da) 




db) 



15 Rl 



wherein A and B each independently represents hydrogen or one. two or three 
naphthyhdenesubsmuents, which subsrituents are selected from C , 6 alkyl C , * 
alkoxy, aryl, aryloxy, silyl and silyloxy; 1-6, Cj. 6 

1 represents phenyl, Cl . 6 alkyl, phenyl C ,. 6 alky, or a moiety of formula (a): 



— (CH 2 ) n CH 



\ 



CH 2 R- 



wherein R 2 represents C] 6 ^ pheny] or 

R3re P resentsHorOR4whereinR4 isCl . 6 alkylorC ,. 6 alkvlsilyJ and „ ; 
zero or an integer 1 or 2; and ' 
X is a counter ion. 



25 



30 
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